Abstract -Two solvation equations that can be used either as LSERs or as QSARs have been applied to various processes that involve transfer of a series of solutes from the gas phase to a condensed phase or transfer of a series of solutes from one condensed phase to another. In the former class, the processes include gas-liquid chromatography, gas-solid chromatography, the solubility of gases and vapours in polymers and organic solvents, and upper respiratory tract imtation in mice. The latter class includes water-octanol and other partitions, the inhibition of firefly luciferase enzyme by aqueous nonelectrolytes, and general anaesthesia.
INTRODUCTION
There are a number of scales of hydrogen-bond strength currently available in the literature. The first such scales devised were those of Kamlet and Taft, who set out an a (or al) scale of solvent hydrogen-bond acidity [l] and a p (or p,) scale of solvent hydrogen-bond basicity [2] . Since these scales were based on a solvatochromic comparison method, they are often known as Kamlet-Taft solvatochromic parameters. The a, and p, hydrogen-bond scales have been applied to all kinds of solvent effects, as summarised in a number of reviews [3-61.
Some years later, 8] devised scales of solute hydrogen-bond acidity, 4, and solute hydrogen-bond basicity, @, using equilibrium constants for 1:l complex formation in tetrachloromethane:
(1) K A-H + B * A-H***B
The acid and base were present in dilute solution, so that the equilibrium constants refer to the simple monomeric solutes in equation 1. In the case of solute hydrogen-bond acidity [7] , logK values were compiled for series of acids against 45 different reference bases, enabling 45 equations to be constructed of the form:
(2) where LB and DB characterise the reference base and logKf now characterises the series of acids. All 45 equations were constrained to pass through a "magic point" at (-1.1, -1.1) which provides an automatic zero for the scale. A typical example of one of the 45 equations is that for acids against Here, and elsewhere, n is the number of data points, p is the overall correlation coefficient, sd is the overall standard deviation and F is the Fisher F-statistic.
In a similar way [8] , logK values for a series of bases against 34 reference acids led to 34 equations: (4) Now LA and D, characterise the reference acid, and logKf characterises the series of bases. Again, all the equations were constrained to pass through the magic point (-1.1, -1.1). A typical example of the set of 34 equations is that for bases against the reference acid 4-chlorophenol: The scalcs of soluic hydrogcn-bonding, IogK;' and IogK;', have thcir origin at -1.1, but this can simply be movcd to the more convcnient origin of zcro, and the scalcs comprcsscd somcwhat at the samc timc, through thc dcfining cquations 17.81: Racvsky and co-workcrs [ 101 havc also uscd cquilibrium constants in cquation 1 to construct scalcs of solutc hydrogen-bonding. Although thcir original cquation suffcrcd through lack of a constant tcrm.
4'
this has now bccn rectified on thcir latcst equation Here, AGO is the standard Gibbs cnergy change for cquation I , in kJ mol-I, C, is thc hydrogcn-bond acidity of a solute, and C, is thc hydrogcn-bond basicity of a solutc. Equation 9 corrclatcd 936 AGO valucs for equation 1 with sd = 1.11 kJ mol-I, cquivalcnt to sd = 0.19 log units Racvsky and coworkers [ 1 I ] also provided a corrclation equation and solute hydrogcn-bond paramctcrs in tcrms of the enthalpy changc in equation 1:
AH' = 4.96 E,.E, (10) whcrc A@ is in kJ mol-' and E, and E, arc the cnthalpic solutc hydrogcn-bond paramctcrs. Clcarly equation 8 and equation 9 arc similar, and would bc cxpcctcd to lcad to similar hydrogcn-bond scalcs.
However, thc solvent scalcs of Kamlct and Taft are not the same as thc solute scalcs of Abraham or of Racvsky, for two fundamcntal reasons. Firstly, the Kamlct-Taft scales rcfcr to propcrtics of bulk liquids, whercas the @ and p," scales refer to monomcric solutcs in dilutc solution in tetrachloromcthane. Secondly, the Kamlct-Taft scales arc mainly derived from spcctroscopic measurements, and are not then relatcd to any thcrmodynamic propcrty, whercas 4' and pk' are rigorously Gibbs-energy related. Unfortunately, therc is alrcady confusion in thc litcraturc ovcr solvcnt and solute scalcs, which have cven bccn uscd intcrchangcably. It is alrcady known 1121 that PI and p," arc not wcll-rclatcd, even for nonassociatcd compounds.
We regard the solvent scales as uite scparatc and dcal only with solutc scalcs. Thcrc are available a reasonable number of solutc q' and p," valucs, from the original work [&9] and from subscqucnt work of Bcrthelot and Laurcnce and co-workers [13, 141 on solutc hydrogen-bond basicity. Some values of @ and p," are given in Table I . All thc @ and p," values refcr to 1:1 complcxation betwcen acids and bases and although they represent the most useful and cxtcnsivc scalcs of solutc hydrogen-bonding so far constructed, it is not obvious that thc same scalcs can bc uscd to exprcss thc hydrogen-bond strength of solutes when the latter are surrounded by an cxcess of solvcnt molecules. It is this situation that exists in processes such as the solubility of gases and vapours in liquids, or the partition of solutes between liquid phases. Hcnce a, and pz scales nced to bc dcviscd that are appropriate to this situation.
In the event, it seems possible to use the original @ and pz" scales to set up "effective" or "summation" scalcs of solute hydrogen-bond acidity or basicity It should also be noted that for ccnain solutes, such as aniline, substitutcd anilines, pyridinc and alkyl pyridincs, and sulfoxidcs (but not sulfoncs) an altcmativc basicity dcscriptor, Z@, is required in proccsscs that involvc transfcr from watcr to rathcr aqucous solvcnt systcms 115. 161.
Thc LSERs are thcmselvcs dcviscd using a simplc cavity thcory of solvation, in which the proccss of dissolution of a gaseous solutc in a solvcnt involvcs (i) thc cndocrgic crcation of a cavity in the solvcnt and (ii) incorporation of thc solutc into thc cavity with conscquent setting up of various cxocrgic solutc-solvcnt intcractions. Thc proccsscs to bc considcrcd will all involvc a scrics of solutcs with a fixcd solvcnt or solvcnts. Hcncc thc propcrtics of thc solvcnt phasc arc constant, and thc various intcractions will bc dcscribcd by particular solutc paramctcrs. Thcsc can bc sct out as follows.
R, is an cxccss molar refraction that can bc dctcrmincd simply from a knowlcdgc of the compound rcfractive indcx [ 171. Sincc R, is almost an additive propcny, it is quite straightforward to dcducc valucs for compounds that arc gascous or solid at room tempcrature. Scveral hundrcd R, valucs arc at prcscnt availablc, and furthcr valucs can bc dctcrmincd or estimatcd quitc casily. Thc R, dcscriptor rcprcscnts thc tcndcncy of a compound to interact with a solvcnt phasc through x -or n -elcctron pairs. MLRA are important in that they can be used to characterise the solvent phase (in LSERs) or receptor area (in QSARs) involved. In both cases, the r-constant gives the propensity of the phase to interact with solute x; -and n -electron pairs, the s-constant is the phase-area dipolarity/polarizability, the aconstant is the phase-area basicity (because a basic phase will interact with acid solutes), similarly the b-constant is the phase-area acidity, and the 1-constant or the v-constant is a measure of the phase-area lipophilicity: by definition 1 = 1.00 for hexadecane at 298K.
Because the constants in equation (12, 13) represent quite specific properties of the phase or receptor area, they must follow correct chemical principles. Thus for a completely nonacidic phase, the bconstant must be zero, within some reasonable experimental error. Thus equation (12, 13) are not simply some statistical fitting procedures, but are substantive equations expressing not only the effect of solutes on some particular process, but also the properties of the solvent phase or receptor area involved. LSERs or QSARs derived from equation (12, 13) have to be examined with regard to goodness-of-fit, as is the case for any LSER or QSAR, but also with regard to general chemical principles. This latter test is highly unusual in QSAR wok, but is very important in that strict application of the test leads to QSARs that are chemically firmly based, and are not just fitting equations to a given data set.
APPLICATIONS OF EQUATION (12)
This equation is best applied to gas + condensed phase processes. One such process, for which considerable data exist, is that of gas-liquid chromatography (GLC). The usual physico-chemical quantity measured is V,, the specific retention volume of a solute at the column temperature. This is related to the gas-liquid partition coefficient, K, or the Ostwald solubility coefficient, L, through equation (14), where p, is the density of the GLC stationary phase at the column temperature:
The definition of L or K is given by equation ( In these equations, and elsewhere, n is the number of data points, r is the overall correlation coefficient, sd is the standard deviation, and F is the F-statistic. The equations show that both stationary phases are dipolar (s = 1.29 and 2.06) and are hydrogen-bond bases (a = 1.80 and 3.61), but have no hydrogen-bond basicity (the b.Z# term is not significant). Equations such as (16) The phase, however, is not very selective because it also has pronounced hydrogen-bond basicity, with an aconstant of 1.27, compare a = 1.80 for the polyether, C a h w a x 20M. Cam and co-workers [28] have also synthesised a phase that has a very high hydrogen-bond acidity with almost zero hydrogen-bond basicity, the fluoroalcohol 4-dodecyl-a, a-bis(trifluoromethy1)benzyl alcohol, BOH. A regression of relative partition coefficients according to equation (12) (18) and (19) because they refer to different temperatures. In general, the constants s, a, b and 1 all decrease with increase in temperature. Even so, it is likely that the fluoralcohol BOH is more acidic than the phenol H10.
Analysis of the retention data obtained on H10 was also of interest in that it confinned the previous finding 1291 that the solvation theories of Abraham [ 151 and of Poole I301 are essentially equivalent.
The characterisation of phases is not restricted to temperatures usually encountered in GLC work, and has been applied to phases at 298K as well [26, 31] . Many of these were candidate coatings for chemical sensors, and hence had to be characterised at ambient temperature. Equation (12) can be used to analyze solute-solvent, or solute-phase, interactions term-by-term, and hence provides a logical rationale for the selection of coatings for chemical sensors and arrays [321.
The application of equation (12) The polymer is only slightly dipolar/polarisable and has no basicity or acidity at all. Not only can polymers and compound-polymer interactions be investigated using equation (12), but values of logK or of bgVG can be predicted for other compounds as well. Since important parameters such as the weight-fraction activity coefficient, as, and the Flory-Huggins interaction coefficient, x, can be obtained from VG [35-371, this amounts to an indirect prediction of as and x. Thus for poly(butadiene) at 363K bgVG is given [38] by:
This enables log am to be predicted for other compounds to around 0.04 units, and x to be predicted to within 0.10 units [38] .
In a similar way, the commercially important soybean oil can be characterised through equation (12), and values of log and x predicted via a prediction of VG. For soybean oil at 396K, the regression equation (22) Since VG and K are connected by equation (14), only the constant c in equation (12) temperatures, so that cquation (23) is as good as could bc cxpcctcd. In cquation (23) thc tcrms in solutc dipolarity/polarisability and solute hydrogcn-bond propcrtics arc not significant, so that Carbotrap appcars to bc frce fmm acidic or basic sites.
Simple organic solvents can also be invcstigatcd using cquation (12). For nonvolatile solvcnts, thc rcquircd K (orL) values can bc obtaincd by the gas chromatographic mcthod in which thc solvcnt is thc stationary phasc. More gcnerally the gas-liquid partition cocfficicnts arc obtaincd by othcr mcthods, such as hcadspacc analysis or vapour-liquid cquilibrium mcasurcmcnts. In thc lattcr cast, somc cxtrapolation to infinitc dilution has usually to be madc. A number of solvcnts has bccn invcstigatcd at 298K using cquation (1 2 Both of these solvcnts cxhibit some dipolarity/polarizability, arc wcak bascs, but arc somcwhat strongcr hydrogen-bond acids. Othcr solvcnts invcstigatcd in this way 1151 arc N-formylmorpholinc and tri(2-cthylhcxylphosphatc), both strong hydrogcn-bond bases with a-constants 4.32 and 3.74 rcspcctivcly. Hcrc FRD,, is the molar concentration in the gas phasc that lcads to a 50% dccrcasc in rcspiratory ratc. Thc use of equation (26) is not only that it can lead to prcdictions of FRD,,, but also that it providcs somc insight as to the reccptor site or rcccptor area involvcd. This can bc sccn by cxarnination of thc charactcristic constants in equations for gas-solvcnt partitions at 298K, scc Tablc 4. It is quite clear that thc reccptor site/arca cannot possibly rcscmblc watcr, or thc rathcr nonpolar solvcnt 1,2-dichlorocthane. The amide N-formylmorpholinc is rathcr too dipolar (s = 2.57) to be a suitablc modcl. but 2-ethylhexylphosphatc has about the samc dipolarity (s = 0.91) and hydrogcn-bond basicity (a = 3.74) as the reccptor site/area, although the lattcr is still larger than the rcccptor sitc/arca valuc (a = 2.55). It can be concludcd that the receptor sitc/arca is non acidic (b = 0.00). somcwhat dipolar (s = 0.81) and quitc basic (a = 2.59, although not quite as basic as thc phosphate ester. Such an analysis illustrates onc of the vinucs of equation (12) as a QSAR, namcly that it provides chcmical information on thc biological process, as wcll as bcing useful in a predictive way.
~~~

APPLICATIONS OF E Q U A T I O N ( 1 3 )
The same solute descriptors are used in cquation (13) as in cquation (12), cxccpt that the charactcristic volumc, V,, is used instead of logLI6; Ihc units of V, in thc following cquations are (cm3 mol-')/l00. Equation (13) works best for processes within condemed phases, for cxamplc the partition of solutcs bctwccn two liquid phases. For the very important water-octanol partition, equation (13) 
whcrc P is givcn by (conccntration of solutc in octanol)/(conccntration of solutc in watcr). Such an cquation can be used to deduce the relative solute-solvent effects, e.g., solute-octanol less solute-water interactions. In addition it gives information on the relative properties of water and octanol, or more correctly on octanolsaturated water and water-saturated octanol.
The latter may be important because although the solubility of octanol in water is only 0.0045 mol dm-3. that of water in octanol is 2.33 mol dm" at 298K [44]. On equation (27), solute dipolarity&hisability and especially solute hydrogen-bond basicity favour water, and solute size favours octanol. Conversely, it can be deduced that water is more dipolar and is a stronger hydrogen-bond acid than is octanol, but octanol is more lipophilic than is water. The almost zero a-constant in equation (27) implies that water and (wet) octanol have the same hydrogen-bond basicity. Numerous examples of the application of equation (13) to water-solvent partitions have been given [16] ; conversely, equations such as equation (27) logl/ECm = 0.58 +0.80R2 -3 S 3 a H +3.78VX n = 43 r = 0.9881 sd = 0.340 F = 535
As set out earlier [47] the major factors that determine the effect of solutes on the inhibition of firefly luciferase activity, are the solute hydrogen-bond basicity that decreases the solute effect, and the solute size that increases the effect. Furthermore, it can be deduced [47] that the target site on the enzyme has about the same dipolarity as water (since the sanstant is zero), the same hydrogen-bond basicity as water (since the aanstant is zero), but is much less acidic than water (b = -3.53) and is much more lipophilic than water
A very similar analysis can be carried out for general anaesthesia of tadpoles by aqueous, solutes. The effective concentration, ECm, is again in units of mol dm" and application of equation (13) Judging by the F-statistic, equation (29) is possibly just preferable to equation (30). but there is not much to choose between them. In either case, the two main factors influencing general anaesthesia are solute hydmgenbond basicity which decreases the effect, and solute size, which increases the effect, exactly as obselved in the luciferase work. Since equations (28) and (29) are similar, the analysis of the anaesthetic target site or sites follows that of the target site on the luciferase enzyme.
As with equation (12), the use of equation (13) as a QSAR yields infomation about the target site/area in the process under consideration. How the two main factors in the luciferase inhibition and the tadpole ones compare with other processes can be Seen from results in Table 5 . As shown before [47] the target site or sites in the two biological pmcesses resemble wet octanol, or wet decanol, in that all have the same hydmgen-bond basicity as water (a = O.OO), but are much less acidic (a= -3.5 to 4.4) and naturally much more lipophilic (v = 3.8 to 4.2). Both wet octanol and wet decanol are reasonable models for the biological process, although both are rather less dipolar (s = 1.05 or -0.97 as compared to 0.00). Hexadecane is a poor model because it is less dipolar and very much less basic (a = -3.59) than the target sites. As more watedsolvent partitions are analyzed, solvent systems that are even better models than wet wtanol or wet decanol might be found.
CONCLUSIONS
These results on luciferase enzyme and tadpole anaesthesia illustrate a particular advantage of equations such as equation (12) and equation (13) as LSERs and especially as QSARs. Most QSARs are set up in order to predict biochemical or biological effects of solutes in a given system. Indeed, this is usually their only function. It follows that such QSARs are unlikely to yield information on the system itself. But equations (12) and (13) have been constructed in such a way that they can be used for predictive purposes, and also can be used to obtain chemical information on the system. The given equations (29) and (30) lead to specific information on the dipolarity/polarizability, the hydrogen-bond acidity and basicity, and the lipophilicity of the target site or sites in the luciferase enzyme and the tadpole. As shown before [47] these quantities can be compared with those in physicochemical systems such as the water-octanol or the water-hexadecane system. As more and more systems are investigated using equation (13), so it will be possible to extend such comparisons. Nearly all applications of equation (13) are to systems at ambient temperature, so that temperature effects have not to be considered. This is not so for equation (12), which has been applied to systems at temperatures ranging fmm 298K to 4233 and over, and care has to be taken to compare coefficients only at a common temperature. However, as more and more systems are investigated at 298K or (for many GLC phases) at 393K, so it will be possible to extend the comparison of coefficients in equation (12) as well.
Thus equations (12) and (13) represent two very general types of LSER and QSAR that can be applied to all kinds of physicochemical and biochemical phenomena. They can be used for predictive purposes and can also be used to obtain specific chemical information on the processes concerned. 
